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I n t r o d u c t i o n  
A l a rge -sca le  d i r e c t  c o a l  l i q u e f a c t i o n  p l a n t  w i l :  consume s u b s t a n t i a l  

q u a n t i t i e s  of m a :  as a feedstock m a t e r i a l .  Due t o  the  na tu re  o f  t h e  coa l  
m in ing  i n d u s t r y  t h i s  supply  w i l l  be acqu i red  from seve ra l  mines o p e r a t i n g  i n  
d i f f e r e n t  coa l  reserves.  Procurement o f  coa l  from m u l t i p l e  sources, over t ime  
w i l l  undoubtebly l e a d  t o  v a r i a t i o n s  i n  t h e  c h a r a c t e r i s t i c s  o f  t he  p l a n t  feed. 
Phys i ca l  and chemical coa l  p r o p e r t i e s  are known t o  va ry  w i t h i n  a rese rve  due 
t o  t h e  mechanisms o f  seam f o r m a t i o n  and subsequent geo log i c  metamorphism. I n  
a d d i t i o n ,  m in ing  methods and p h y s i c a l  b e n e f i c i a t i o n  a f f e c t  t h e  o rgan ic  and 
ino rgan ic  c o n s t i t u e n t s  i n  t h e  mine p roduc t .  Furthermore, t h e  s p e c i f i c a t i o n  o f  
a s i n g l e  seam, f o r  example Ky #9 o r  Ill. #6 as t h e  source f o r  p o t e n t i a l  feed- 
coa ls ,  i s  i n s u f f i c i e n t  s i n c e  i t  has been shown t h a t  s u b s t a n t i a l  v a r i a t i o n s  i n  
coal  p r o p e r t i e s  can e x i s t  w i t h i n  a s i n g l e  seam. 

Although it i s  c l e a r  t h a t  v a r i a t i o n s  i n  feed coa l  p r o p e r t i e s  can a f f e c t  
p l a n t  operat ions and y i e l d s ,  few q u a n t i t a t i v e  r e l a t i o n s h i p s  have been developed. 
The d i f f i c u l t y  i n  understanding t h e  impor tance o f  coa l  c h a r a c t e r i s t i c s  i s  i n  
p a r t  r e l a t e d  t o  the complex na tu re  o f  c o a l ,  and problems i n  t h e  s e l e c t i o n ,  
c h a r a c t e r i z a t i o n  and t e s t i n g  o f  r e p r e s e n t a t i v e  feedstock samples. 
f o r c e  f o r  develop ing t h i s  unders tand ing  i s  d i r e c t l y  r e l a t e d  t o  the s e l e c t i o n  
and procurement o f  t h e  e s s e n t i a l  raw m a t e r i a l  f o r  l i q u e f a c t i o n  process ing.  A 
s c i e n t i f i c a l l y  based understanding o f  how t o  s e l e c t  coa l  sources from w i t h i n  a 
m i n i n g  reg ion  and how t o  compensate f o r  v a r i a t i o n s  f rom an i n d i v i d u a l  mine 
w i l l  improve t h e  o p e r a b i l i t y  and economics o f  any d i r e c t  l i q u e f a c t i o n  p l a n t .  

T h i s  s tudy has i n v e s t i g a t e d  t h e  degree t o  which coa l  p r o p e r t i e s  change 
w i t h i n  a supply r e g i o n  and how these v a r i a t i o n s  impact on y i e l d s  and economics 
o f  an S R C - I  t ype  process. S t a t i s t i c a l  data a n a l y s i s  has i s o l a t e d  c r i t i c a l  
coa l  p r o p e r t i e s  i n f l u e n c i n g  l i q u e f a c t i o n  r e a c t i v i t y  and q u a n t i t a t i v e  p r e d i c t i o n  
equat ions have been developed. 

General Coal C h a r a c t e r i s t i c s  I n f l u e n c i n g  R e a c t i v i t y  

f a c t i o n  were b gun by the  U . S .  Bureau o f  Mines s t a t i o n  a t  Bruceton, PA i n  t h e  
e a r l y  1940’s’ ”. These e f f o r t s  i n v e s t i g a t e d  c o a l s  o f  v a r y i n g  pe t rog raph ic  
compos i t i on  and rank, conc lud ing  t h a t  these c h a r a c t e r i s t i c s  s i g n i f i c a n t l y  
a f f e c t e d  the ease by which a c o a l  c o u l d  be l i q u e f i e d .  More r e c e n t l y ,  work has 
been completed by a number o f  i n v e s t i g a t o r s  which con f i rms  t h a t  t he  t o t a l  
r e a c t i v e  maceral con ten t  o f  t h e  co 1 i r e l a t e d  d i r e c t l y  t o  i t s  o v e r a l l  
conve rs ion  t o  e x t r a c t a b l e  products ’  ’4 ”. 

Although coal  rank  i s  recognized as a d e r i v e d  p r o p e r t y  r e l a t e d  d i r e c t l y  
t o  a c o a l ’ s  composite o rgan ic  chemical s t r u c t u r e ,  i t s  impact  on l i q u e f a c t i o n  
r e a c t i v i t y  i s  n o t  c l e a r l y  understood. Most researchers a re  i n  agreement t h a t  
c o a l s  h i g h e r  i n  rank than  h i g h  v o l a t i l e  A b i tuminous a re  poor  candidates f o r  
l i q u e f a c t i o n  feedstocks due t o  l o w  r e a c t i v i t y .  
l i t t l e  problem f o r  t he  development o f  a c o a l  l i q u e f a c t i o n  i n d u s t r y  s i n c e  these 
h i g h  rank  coals  rep resen t  o n l y  t e n  p e r c e n t  o f  t h e  c o u n t r y ’ s  p roduc t i on .  

The d r i v i n g  

Research work t o  i d e n t i f y  t h e  s u i t a b i l i t y  o f  U.S. Coals f o r  d i r e c t  l i q u e -  

Th is  l i m i t a t i o n  p resen ts  

The 
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' more abundant lower rank c o a l s  have d i sp layed  d i v e r g e n t  r e a c t i v i t i e s  depending 
upon the  experimental c o n d i t i o n s  and method o f  i n v e s t i g a t i o n .  Neavel has 
shown t h a t  t h e  coal  conve rs ion  t o  benzene so lub les  p l u s  gases i s  i n v e r s e l y  
P roPor t i ona l  t o  the  rank o f  t h e  coa l  f o r  res idence t imes f rom 2 .56 to  30 minUtgS. 
These r e s u l t s  are g e n e r a l l y  i n  agreement w i t h  &hose o f  Wh i tehu rs t  
f o r  l o n g  residence t imes.  However, Wh i tehu rs t  
t ime  coa l  l i q u e f a c t i o n ,  low rank  coa ls  a re  s u b s t a n t i a l l y  l e s s  r e a c t i v e  than  
h igh  v o l a t i l e  b i tuminous c o a l s  o f  s i m i l a r  pe t rog raph ic  composi t ion.  
ProceSaing coa ls  under S R C - I 1  c o n d i t i o n s  u s i n g  d isposable i r o n  c a t a l y s t s ,  
Wr igh t  
and g rea te r  y i e l d s  o f  d i s t i l l a t e  than h i g h  v o l a t i l e  b i t um inous  P i t t s b u r g h  Seam 
coa ls .  Thus, p r o v i d i n g  t h a t  r e a c t i o n  c o n d i t i o n s  a r e  chosen c o r r e c t l y ,  t h e  
coal  i s  Prepared p r o p e r l y  p r i o r  t o  l i q u e f a c t i o n  and s u f f i c i e n t  c a t a l y s t  i s  
Present ,  lower  rank c o a l s  would appear t o  have h ighe r  r e a c t i v i t y  t han  h i g h  
v o l a t i l e  bituminous coa ls .  

One coal  c h a r a c t e r i s t i c  n o t  exp la ined  by measures o f  rank  and pe t rog raph ic  
composi t ion i s  t he  na tu re  o f  i n h e r e n t  m ine ra l  ma t te r .  Many au tho rs  have shown 
t h a t  minera l  ma t te r  i n  coa l  can a c t  as an i n h e r e n t  c a t a l y s t  f o r  improv ing 
l i q u e f a c t i o n  y i e l d s .  The concensus o f  t h i s  work has been t h a t  i r o n  s u l f i d e s ,  
p a r t i c u l a r l y  p y r i t e , g a r e  t h e  most e f f e c t i v e  c a t a l y s t s  p resen t  i n  t h e  i n h e r e n t  
coal  minera l  matte Al though some d i f f e r e n c e s  i n  p y r i t e  c a t a l y s i s  a c t i v i t y  
have been reported", most work has shown t h a t  t he  ve ry  h i g h  l e v e l s  (up t o  10% 
p y r i t e  on coa l )  must be added t o  a f f e c f l t 1 3 i g n i f i c a n t  change i n  t h e  y i e l d  
s t r u c t u r e  o f  Eastern Bituminous Coals. 
be made more r e a c t i v e  w i t h  somewhat lower  l e v e l s  o f  p y r i t e  a d d i t i o n .  

Experimental I n v e s t i g a t i o n  o f  Coal R e a c t i v i t y  

h e a v i l y  i nvo l ved  w i t h  develop ing exper imenta l  data t o  suppor t  t he  S R C - I  
Demonstrat ion P l a n t  P r o j e c t .  
e f f e c t s  o f  feed coal  v a r i a t i o n  on p l a n t  performance. A l though t h e  m a j o r i t y  o f  
p o t e n t i a l  feed coa ls  f o r  t h i s  p l a n t  would come from a r e s t r i c t e d  a rea  ( I l l i n o i s  
Basin) ,  i t  became c l e a r  i n  t h i s  program t h a t  t h r e e  major  t e c h n i c a l  areas would 
need i n v e s t i g a t i o n  as f o l l o w s :  

and Yarzab 
has shown t h a t  i n  s h o r t  res idence  

I n  

has found t h a t  l i g n i t e s  and subbituminous c o a l s  have h i g h e r  convers ions 

Low i r o n  subbituminous ?ga ls  can 

The I n t e r n a t i o n a l  Coal R e f i n i n g  Company ( I C R C )  Research Group has been 

A p o r t i o n  o f  t h i s  e f f o r t  was t o  determine t h e  

o Coal v a r i a t i o n  from an i n d i v i d u a l  mine, 
o Coal v a r i a t i o n  w i t h i n  t h e  reserve area,  and 
o E f f e c t s  o f  these v a r i a t i o n s  on l i q u e f a c t i o n  y i e l d s .  

Due t o  des ign and o p e r a t i o n  cons ide ra t i ons ,  a d e c i s i o n  was made e a r l y  i n  
the  demonstrat ion p l a n t  program t o  cons ide r  o n l y  use o f  washed coa ls .  
c o n s t r a i n t  s i g n i f i c a n t l y  l i m i t e d  t h e  number o f  mine o p e r a t i o n s  which c o u l d  be 
considered as s u p p l i e r s .  

An exper imenta l  program was e s t a b l i s h e d  w i t h  the  I n s t i t u t e  o f  M in ing  and 
M ine ra l s  Research, U n i v e r s i t y  o f  Kentucky, t o  sample m i n i n g  opera t i ons  i n  a 
p a t t e r n  t o  p r o v i d e  geographic and s t r a t o g r a p h i c  d i v e r s i t y .  
i n  r e l a t i o n  t o  the  m in ing  reg ions  a re  shown i n  F igu re  1. Samples were c o l l e c t e d  
from the  run-of -mine coa l  as w e l l  as t h e  washed coa l .  Severa l  m i n i n g  opera t i ons  
were s t u d i e d  f o r  b o t h  long-  and sho r t - te rm v a r i a t i o n  i n  c o a l  p r o p e r t i e s .  

o p e r a t i o n  d a i l y  and analyzed f o r  changes i n  composi t ion.  
d a i l y  s h i f t s  i n  s u l f u r  and ash con ten t  f o r  a mine i n  the  KY #9 seam. 
r e s u l t s  demonstrate t h a t  t h e  coa l  c lean ing  p l a n t  i s  necessary n o t  o n l y  t o  

T h i s  

The sample l o c a t i o n s ,  

I n  the  s h o r t  term coa l  v a r i a b i l i t y  s tudy,  samples were c o l l e c t e d  f rom the  
F igu re  2 shows t h e  

These 
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reduce the  amount o f  m ine ra l  m a t t e r  i n  t h e  coa l ,  b u t  a l s o  t o  b u f f e r  v a r i a t i o n s  
i n  composi t ion due t o  min ing.  
an increase o f  app rox ima te l y  t h r e e  p e r c e n t  i n  t h e  t o t a l  r e a c t i v e  maceral 
con ten t  o f  t h e  c lean  c o a l ,  enhancing the  l i q u e f a c t i o n  p o t e n t i a l .  

se lec ted  as t h e  t ime  i n  which t o  composite a sample t o  d e f i n e  a p l a n t ' s  average 
ou tpu t .  
each o f  s i x  months. These r e s u l t s  (F igu re  3)  show t h a t  some long  te rm s h i f t s  
i n  c lean coa l  compos i t i on  can occur. The v a r i a t i o n s  may r e s u l t  from changing 
c h a r a c t e r i s t i c s  o f  an i n d i v i d u a l  c o a l  rese rve  o r  changes i n  mine opera t i ons .  
A l i q u e f a c t i o n  p rocess ing  p l a n t  w i l l  need t h e  f l e x i b i l i t y  t o  deal w i t h  these 
chanoes i f  they  would s i g n i f i c a n t l y  a f f e c t  ope ra t i ons .  

The second p o r t i o n  o f  t h i s  p r o j e c t  was t o  d e f i n e  the  r e g i o n a l  v a r i a t i o n  
i n  c o a l  composi t ion.  Table 1 shows t h e  range i n  seve ra l  c l e a n  coa l  p r o p e r t i e s  
across the r e g i o n  compared t o  t h e  v a r i a t i o n  which m igh t  be expected from an 
i n d i v i d u a l  p l a n t .  These r e s u l t s  i l l u s t r a t e  t h a t  t h e  v a r i a t i o n  across t h e  
r e g i o n  i s  g e n e r a l l y  two t o  f o u r  t imes  t h a t  which m igh t  be expected f rom an 
i n d i v i d u a l  p l a n t .  Fur thermore,  t h e  abso lu te  ranges i n  v a r i a b l e s ,  such as 
v i t r i n i t e  r e f l e c t a n c e ,  p y r i t i c  s u l f u r  and t o t a l  r e a c t i v e  macerals, a re  such 
t h a t  they w i l l  a f f e c t  s u b s t a n t i a l l y  coa l  l i q u e f a c t i o n  r e s u l t s .  Therefore,  
d e s p i t e  t h e  c o n t e n t i o n  t h a t  coa l  supp ly  from an i n d i v i d u a l  mine w i l l  s h i f t  
w i t h  t ime,  t h e r e  a re  p robab le  advantages t o  s e l e c t i n g  and b lend ing  c o a l s  f rom 
mines whose average compos i t i on  i s  i n  t h e  h i g h  r e a c t i v i t y  range. 

determine the  e f f e c t s  o f  v a r i a t i o n s  i n  p r o p e r t i e s  on coal  l i q u e f a c t i o n .  I n  
t h i s  program t h e  c o a l s  were l i q u e f i e d  i n  a 100 pound p e r  day cont inuous bench 
sca le  process development u n i t  (CPDU) under s tandard c o n d i t i o n s  as f o l l o w s :  

An a d d i t i o n a l  b e n e f i t  from coa l  p r e p a r a t i o n  i s  

Based upon the  r e s u l t s  from t h e  s h o r t  term study,  a f i v e  day p e r i o d  was 

Thus, once a month a f i v e  day p e r i o d  was sampled and composited f o r  

The t h i r d  p o r t i o n  o f  t h i s  program was t o  t e s t  t h e  s e t  o f  c lean  coa ls  t o  

o Reaction Temperature 
o Reaction Time 
o To ta l  Pressure 
o Hg Flow Rate 
o Coal Concen t ra t i on  

84OoF 
30 min 
2000 p s i g  
28,000 SCF/Ton Coal 
40 w t . %  i n  W i l s o n v i l l e  Recycle Solvent  

These a r e  e s s e n t i a l l y  t h e  S R C - I  s tandard process c o n d i t i o n s  w i t h  t h e  
except ion o f  t h e  s h o r t e r  (30 min) res idence  t ime. .  A l l  samples from the  process 
u n i t  were analyzed by a s tandard  workup procedure t o  determine the  y i e l d s  o f  
products  on a d r y  ash - f ree  c o a l  b a s i s  and hydrogen consumption. 

r e l a t e d  t o  o i l s  y i e l d  and hydrogen consumption. 
f o r  assessing coa l  r e a c t i v i t y  s ince  t h e y  a re  among t h e  most s e n s i t i v e  economic 
parameters i n  a l i q u e f a c t i o n  p l a n t .  The r e s u l t s  show a group o f  h i g h  r e a c t i v i t y  
coa ls  (>25% o i l s  y i e l d ) ,  a group o f  average c o a l s  (15-25% o i l s  y i e l d ) ,  and one 
very low a c t i v i t y  sample. 

and on revenue economics. Improvements t o  p l a n t  o p e r a t i o n  may inc lude :  
improved s o l v e n t  balance, l e s s  l o s s  o f  preasphal tenes t o  t h e  g a s i f i e r  res idue ,  
and t h e  f l e x i b i l i t y  t o  ope ra te  a t  l ower  s e v e r i t y .  The advantages o f  o p e r a t i o n  
a t  a decreased s e v e r i t y  a r e  l ower  d u t y  on t h e  f i r e d  p rehea te r  and b e t t e r  
r e a c t i o n  s t a b i l i t y .  O f  course,  t o  ope ra te  w i t h  a h i g h  r e a c t i v i t y  coa l  a t  h i g h  
s e v e r i t y  would r e q u i r e  some a d d i t i o n a l  hydrogen c a p a c i t y  and t h i s  element does 
impact  on opera t i ons  and economics. 

F igu re  4 shows t h e  range i n  r e a c t i v i t y  demonstrated by these c o a l s  as 
These two f a c t o r s  a r e  u s e f u l  

Ranges i n  coa l  r e a c t i v i t y  o f  t h i s  magnitude impact b o t h  on p l a n t  ope ra t i ons  
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as heavy O i l .  

w i t h  an average and, a l t e r n a t i v e l y ,  a h i g h  a c t i v i t y  coa l .  
aSSeSSement has been s i m p l i f i e d  and con ta ins  seve ra l  assumptions, i t  i s  C lea r  
t h a t  u s i n g  the  h i g h  a c t i v i t y  coa l ,  i n c l u d i n g  t h e  hydrogen p e n a l t y ,  r e s u l t s  i n  
a s i g n i f i c a n t  (11%) improvement i n  revenues. S ince these coa ls  a r e  s o l d  
CUr ren t l y  on a f u e l  b a s i s  (cents/mm b t u )  t h e r e  can be compe l l i ng  economic 

The advantages i n  ope ra t i ons  and economics f o r  a s imple thermal  process 

The comparisons a re  shown on an i d e n t i c a l  p l a n t  case, o p e r a t i n g  
Al though t h i s  

I i n c e n t i v e s  f o r  choosing h i g h  a c t i v i t y  coa ls .  

( i . e .  S R C - I )  a l s o  appear t o  be p resen t  f o r  more complex c a t a l y t i c  systems. 

Ana lys i s  o f  L i q u e f a c t i o n  Data 
I n  o rde r  t o  r e a l i z e  an advantage due t o  coa l  r e a c t i v i t y  i n  e i t h e r  ope ra t i ons  

o r  economics, i t  i s  necessary t o  understand methods o f  s e l e c t i n g  h i g h  a c t i v i t y  
coa ls .  One o b j e c t i v e  o f  t h i s  research program was t o  develop c o r r e l a t i o n s  
between coal  c h a r a c t e r i s t i c s  and l i q u e f a c t i o n  p roduc t  y i e l d s .  I n  o rde r  t o  
develop these types o f  c o r r e l a t i o n s  i t  i s  necessary t o  have a homogeneous data 
s e t  which prov ides a s u f f i c i e n t l y  broad, and no rma l l y  d i s t r i b u t e d ,  p a t t e r n  o f  
va r iab les .  A l though t h e  c u r r e n t  da tase t  i s  p robab ly  t o o  sma l l  (13 c o a l s )  t o  
develop h i g h l y  c o r r e l a t e d  r e l a t i o n s h i p s ,  i t  i s  u s e f u l  f o r  de te rm in ing  t rends  
i n  the  data.  

The coa l  c h a r a c t e r i s t i c s  and l i q u e f a c t i o n  y i e l d  da ta  s e t s  were b o t h  
analyzed t o  d e t e c t  and min imize s t r o n g  s t a t i s t i c a l  i n t e r c o r r e l a t i o n s .  Th is  
a n a l y s i s  r e s u l t e d  i n  t h e  s e l e c t i o n  o f  f o u r  independent c o a l  v a r i a b l e s  and 
f i v e  r e l a t i v e l y  independent l i q u e f a c t i o n  v a r i a b l e s  which were c o r r e l a t e d  
aga ins t  each o t h e r  (Table 3) .  Based on t h e  r e l a t i o n s h i p s  de tec ted  f rom Table 
3 the  f o l l o w i n g  e m p i r i c a l  p r e d i c t i o n  models were c a l c u l a t e d .  

To ta l  Conversion = (14.1 ( P y r i t i c  S u l f u r )  + 4 .1  ( V i t r i n i t e  Eq. 1 
r e f l e c t a n c e )  + 77.2) x T o t a l  Reac t i ve  
Maceral S A 0 0  

2 R = 0.82 

O i l  Y i e l d  = 16.2 ( P y r i t i c  S u l f u r )  - 1.2 ( V o l a t i l e  M a t t e r )  + Eq. 2 
13.6 ( V i t r i n i t e  Ref lectance)  + 52.9 

2 R = 0.47 

The m u l t i p l e  R-squared f o r  equa t ion  # 1  (0.82) i s  r e l a t i v e l y  good f o r  
complex m u l t i v a r i a t e  r e l a t i o n s h i p s  such as those e x i s t i n g  i n  coal  research. 
The cons tan t  term i n  t h i s  equa t ion  (77.2) i s  r e l a t i v e l y  l a r g e  i n  comparison t o  

51 



the va lues  of t h e  p r e d i c t e d  v a r i a b l e  and at tempts t o  generate a s t r o n g  r e l a t i o n -  
s h i p  would work t o  reduce t h i s  va lue.  
observed convers ion  versus t h e  p r e d i c t e d  convers ion shows t h e r e  a re  no s i g n i f i c a n t  
o u t l i e r s  ( o r  l a r g e  r e s i d u a l s )  i n  t h i s  da ta  s e t  and t h a t  p r e d i c t i v e  r e l a t i o n s h i p  
i s  r e l i a b l e .  Un fo r tuna te l y ,  t h e  R-squared f o r  equa t ion  #2 i s  n o t  as good 
(0.47). 
p r e d i c t e d  f o r  t h i s  equat ion;  it i n d i c a t e s  t h a t  t h e r e  a re  no s i n g l e  o r  pa t te rned  
o u t l i e r s .  Th i s  suggests t h a t  a n  a d d i t i o n a l  c h a r a c t e r i z a t i o n  f a c t o r  i s  p robab ly  
necessary t o  improve t h e  p r e d i c t i o n  o f  o i l  y i e l d .  

T h i s  a n a l y s i s  of t h e  da ta  s e t  r e s u l t e d  i n  t h e  s e l e c t i n g  o f  many o f  t h e  
same v a r i a b l e s  as those determined by t he  P i t t q h u r g  & Midway Coal M in ing  Co. 
f o r  t h e  p r e d i c t i o n  of S R C - I 1  y i e l d  s t r u c t u r e s .  The r e l a t i o n s h i p  between 
p y r i t i c  s u l f u r  i n  t h e  c l e a n  coa l  and t h e  convers ion  o f  t o t a l  r e a c t i v e  macerals 
de tec ted  i n  t h e  s t a t i s t i c a l  a n a l y s i s  ( c o r r e l a t i o n  c o e f f i c i e n t  equals  0.902) i s  
shown i n  F i g u r e  8. Th is  r e l a t i o n s h i p  shows t h a t  as p y r i t i c  s u l f u r  drops below 
1.10 w t .  pe rcen t ,  t h e  coa l  conve rs ion  r e a c t i v i t y  decreases s i g n i f i c a n t l y .  
However, i n  another  p o r t i o n  o f  t h e  research program, exper iments on t h e  importance 
o f  coa l  p r e p a r a t i o n  showed t h a t  l e v e l s  o f  p y r i t i c  s u l f u r  had l i t t l e  a f f e c t  on 
l i q u e f a c t i o n  y i e l d s .  The r e s u l t s  f rom one o f  these exper iments a re  shown i n  
F igu re  9. Desp i te  coa l  samples wh ich  range i n  ash and p y r i t i c  s u l f u r  i n  
excess o f  t hose  de tec ted  i n  t h e  da ta  a n a l y s i s ,  t h e  l i q u e f a c t i o n  y i e l d s  are 
r a t h e r  c o n s i s t e n t .  

The r e c o n c i l i a t i o n  o f  these seemingly  d i a m e t r i c a l l y  opposed r e s u l t s  
appears t o  r e s i d e  i n  t h e  a c t i v i t y  o f  t h e  p y r i t e  p resen t  i n  c leaned c o a l s  
versus t h a t  i n  t h e  run-of-mine and p a r t i a l l y  c leaned samples. A s e r i e s  o f  
c o a l s  a l l  c leaned t o  app rox ima te l y  t h e  same ash l e v e l  would be expected t o  
c o n t a i n  app rox ima te l y  t h e  same amount o f  p y r i t e ,  i f  i t  were d i s t r i b u t e d  i n  t h e  
same manner i n  a l l  t h e  samples. The c leaned c o a l s  i n  t h e  data a n a l y s i s  s e t  
( s i m i l a r  i n  p r e p a r a t i o n  and ash con ten t )  ranged i n  p y r i t i c  s u l f u r  from 1.42 t o  
0.65 pe rcen t ,  i n d i c a t i n g  t h a t  some o f  t h e  samples p robab ly  con ta ined  p y r i t e  
which was f i n e l y  d ispersed i n  t h e  o r g a n i c  m a t r i x  and was n o t  removed by c lean ing .  
Genera l l y ,  these coa ls  were those which had h i g h  a c t i v i t y  f o r  l i q u e f a c t i o n .  
The p y r i t e  t h a t  would be p resen t  i n  t h e  l e v e l  1 and l e v e l  2 c l e a n i n g  shown i n  
F i g u r e  9 would be comprised s u b s t a n t i a l l y  o f  coarse m a t e r i a l  f rom seam p a r t i n g s  
and p y r i t e  nodules.  The exper imenta l  d a t a  on these samples i n d i c a t e  t h a t  t h i s  
t y p e  o f  p y r i t e  has l i t t l e  c a t a l y t i c  e f f e c t  i n  t h e  SRC-I l i q u e f a c t i o n  system. 
The m a j o r i t y  o f  t h e  c a t a l y t i c  a c t i v i t y  appears t o  be p r o v i d e d  by t h e  f i n e l y  
d i spe rsed  p y r i t e  r e t a i n e d  i n  c e r t a i n  c leaned coals .  

r e s u l t s  determined i n  t h e  d i sposab le  c a t a l y s t  programs. ' 22'15 These workers 
found t h a t  a d d i t i o n s  o f  p a r t i c u l a t e  p y r i t e  a t  l e v e l s  approaching 5 we igh t  
pe rcen t  p y r i t i c  s u l f u r  on c o a l  were necessary t o  show much c a t a l y t i c  a c t i v i t y .  
However, when i r o n  was added t o  t h e  c o a l  in lg  d i spe rsed  system, much lower  
l e v e l s  r e s u l t e d  i n  h i g h  c a t a l y t i c  a c t i v i t y .  Hence, n o t  o n l y  t h e  amount, b u t  
more i m p o r t a n t l y  t h e  form o f  t h e  p y r i t e  i n  t h e  coa l  appears t o  be t h e  most 
impor tan t  f a c t o r  i n  c o n t r o l l i n g  i t s  c o n t r i b u t i o n  t o  t h e  coa l  a c t i v i t y .  

One can conclude a l s o  f rom t h e  da ta  a n a l y s i s  t h a t  t h e  l e v e l  o f  geochemical 
m a t u r i t y ,  o r  rank  o f  t he  c o a l  as measured by  v i t r i n i t e  r e f l e c t a n c e ,  i s  o f  
s i g n i f i c a n c e  t o  l i q u e f a c t i o n  y i e l d s .  A l though  the  range o f  rank i n  these 
samples i s  n o t  as l a r g e  as m igh t  be necessary t o  f u l l y  i d e n t i f y  t h i s  e f f e c t ,  
i nc reases  i n  r a n k  c o r r e l a t e  n e g a t i v e l y  w i t h  b o t h  o i l  y i e l d  and convers ion.  
The s u b t l e  d i f f e rences  i n  t h e  ranks o f  t h e  c o a l s  i n  t h i s  sample s u i t e  do 
r e f l e c t  changes i n  t h e  s t r u c t u r a l  c h e m i s t r y  o f  t h e  coa l  macerals. I n  t h i s  
range o f  geochemical m a t u r i t y ,  c o a l s  l o s e  oxygen and a r e  b e l i e v e d  t o  undergo 

The p a r i t y  p l o t  i n  F i g u r e  6 o f  t h e  

F i g u r e  7 i s  t h e  p a r i t y  p l o t  o f  o i l  y i e l d  observed versus o i l  y i e l d  

The importance o f  p y r i t e  d i s p e r s i o n  i s  a l s o  i n  genpra? eement w i t h  
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rearrangement and r i n g  condensation. These r e a c t i o n s  may tend  t o  r e s u l t  i n  a 
more r e f r a c t o r y  o rgan ic  phase t o  d i s s o l u t i o n  and l i q u e f a c t i o n .  
c o r r e l a t i o n  o f  l i q u i d  y i e l d  79d convers ion w i t h  coa l  rank  parameters was a l s o  
repo r ted  by the  P&M workers. 

Summary 
I t i s  c l e a r  from t h e  preceeding d i s c u s s i o n  t h a t  v a r i a t i o n s  i n  coa l  p r o p e r t i e s  

do a f f e c t  l i q u e f a c t i o n  r e s u l t s .  The observed d i f f e r e n c e s  between coa ls  can 
be as l a r g e  as those between Western Subbituminous compared t o  Eas te rn  Bi tuminous,  
o r  as small  as changes i n  coa l  w i t h i n  a s i n g l e  seam o r  i n d i v i d u a l  mine: These 
v a r i a t i o n s  i n  p r o p e r t i e s  do a f f e c t  l i q u e f a c t i o n  y i e l d s ,  p l a n t  ope ra t i ons  and 
economics. S e l e c t i o n  o f  coa ls ,  even from a r e s t r i c t e d  reg ion ,  can be advantageous 
s i n c e  c r i t i c a l  p r o p e r t i e s  va ry  more from source t o  source then  from an i n d i v i d u a l  
m in ing  operat ion.  

Research a t  I C R C  and elsewhere has shown t h a t  q u a n t i t a t i v e  r e l a t i o n s h i p s  
can be developed between coa l  c h a r a c t e r i s t i c s  and y i e l d s .  These e f f o r t s  have 
shown t h a t  t h e  amount o f  d i spe rsed  p y r i t e  i n  t h e  c o a l ,  t h e  geochemical m a t u r i t y  
and the pe t rog raph ic  composi t ion a r e  impor tan t  coa l  parameters. 
from t h i s  r e g i o n  w i t h  l e s s  than  1.10 w t .  p e r c e n t  p y r i t i c  s u l f u r  were found t o  
have s i g n i f i c a n t l y  reduced l i q u e f a c t i o n  r e a c t i v i t y .  U n f o r t u n a t e l y ,  t h e  p r e d i c t i o n  
o f  o i l  y i e l d  from coa l  p r o p e r t i e s  has proven d i f f i c u l t  and w i l l  p robab ly  
r e q u i r e  t h e  a d d i t i o n  o f  more fundamental parameters o f  coa l  chemis t r y  t o  
improve i t s  p r e c i s i o n .  

An improved understanding o f  t h e  r e l a t i o n s h i p  o f  coa l  p r o p e r t i e s  t o  
l i q u e f a c t i o n  r e s u l t s  would be u s e f u l  from a s c i e n t i f i c  p o i n t  o f  v iew as w e l l  
as a process ing s tandpo in t .  
c o a l s  f o r  improved p rocess ing  r e s u l t s  are s e l f  ev iden t .  
d i s p e r s i o n  i n  the  o rgan ic  m a t r i x  may i n d i c a t e  t h a t  i n i t i a l  d i s s o l u t i o n  r e a c t i o n  
and associated hydrogen rearrangement, promoted by an i n - s i t u  c a t a l y s t ,  a re  
i ns t rumen ta l  i n  d e f i n i n g  t h e  f i n a l  p roduc t  d i s t r i b u t i o n .  The a b i l i t y  t o  
b e t t e r  understand t h e  mechanisms o f  coal  d i s s o l u t i o n  f rom a fundamental p o i n t  
o f  view may l e a d  t o  new improved p rocess ing  concepts, as w e l l  as a b e t t e r  
understanding o f  t h e  U.S. coa l  resource.  
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TABLE 1 
COAL CHARACTERISTICS VARIATION IN SUPPLY REGION 

MAXIMUM 
COEFFICIENT COEFFICIENT OF 

OF VARIATION OF A 
MEAN VARIABILITY' VARIATION SINGLE PLANT 

ASH 9.2 f 4 . 7  0.25 0.1 1 

HEATING VALUE 12283 i l l 0 0  0.09 0.04 
TOTAL SULFUR 3.1 f1.3 0.21 0.12 

PYRITIC SULFUR 1.4 f l .O 0.36 0.23 

T. R. MACERALS 93.3 f3.1 0.02 0.01 

VIT REFLECTANCE 0.57 f0.18 0.16 0.04 

'f 2 STANDARD DEVIATION 

TABLE 2 
YIELD AND ECONOMIC COMPARISON 

AVERAGE HIGH 
A C T I ~ ~ T Y  COAL ACTWIG COAL 

PRODUCTS YIELD. YIELD' 

FUEL GAS 4.5 7.4 

LIGHT OILS 

MIDDLE OILS :::l 25.5 t:] 41.9 
HEAVY OILS 17.5 

44.8 27.1 SOLID SRC 

TOTAL PRODUCTS 74.8 76.4 

- ~ 

TOTAL REVENUE*' $ 8.90 $9.88 
'LBS OF PRODUCT/100 LBS OAF FEED COA. 

"DOLLARS OF REVENUE/100 LBS OAF FEED COAL (1990 PRICES IN 1981 DO-LARS, 

TABLE 3 
CORRELATION OF INDEPENDENT COAL CHARACTERISTICS 

AND LIQUEFACTION YIELD DATA 

UYDROGEN HYDROCARBON TOTAL CONVERSION ASPUALTENES/ 
CONSUMPTION GASES OILS OF TRM PREASPUALTENES 

DAF HYDROGEN 0.176 0.156 0.022 0.103 -0,191 

DRY PYRITIC 
SULFUR 0.661 0.131 0.527 0.902 0.214 
DAF VOLATILE 
MATTER - 

VlTRlNlTE 
REFLECTAWE -0.153 -0.289 -0.159 -0.360 -0,120 

0.283 -0.243 0.121 -0.31 1 
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Figure 1 
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